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http://dx.doi.org/10.1016/j.jds.2013.0Abstract Background/purpose: Not all adult facial asymmetry patients are candidates for
surgical correction, therefore patient assessment and selection remain major issues in diag-
nosis and treatment planning. This study investigated cephalometric variables for distinguish-
ing between adult patients requiring orthognathic surgical versus nonsurgical orthodontic
treatment of facial asymmetry.
Materials and methods: Receiver operating characteristic (ROC) analysis was used to assess
posteroanterior cephalometric measurements. The posteroanterior cephalograms of 60 pa-
tients (30 nonsurgical and 30 surgical patients) with facial asymmetry were analyzed, and 51
cephalometric measurements were obtained using computerized cephalometry.
Results: Of the 51 measurements, 16 showed statistically significant differences between the
two groups. Further ROC analysis was used to determine the ability of the 16 cephalometric
parameters to distinguish between the two groups of patients. Optimum discriminant effec-
tiveness was obtained from six statistically validated measurements. For a facial asymmetry
patient meeting any four of the six measurement criteria, the sensitivity was 60% and the spec-
ificity was 90% in determining the need for surgical treatment. The six criteria were mandib-
ular shift angle 4.1, :Ra-Me-ANS 3.40, :Zy-Me-ANS 5.30, :GWSO-Me-ANS 4.90,
:J-Me-ANS 2.10, and Go(ver)-M-ANS ratio 1.11.of Orthodontics, Kaohsiung Medical University, 100 Shih-Chuan 1st Road, Kaohsiung 80708, Taiwan.
u.tw, chang610004@gmail.com (H.-P. Chang).
iation for Dental Sciences of the Republic of China. Published by Elsevier Taiwan LLC. All rights reserved.
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236 Y.-C. Tseng et alConclusion: These six cephalometric measurements constituted the minimum number of dis-
criminators needed to obtain optimal discriminant effectiveness of diagnosis between orthog-
nathic surgical and nonsurgical orthodontic treatment of facial asymmetry.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.Introduction
Facial asymmetry is one of the most common clinical
characteristics of patients with various types of malocclu-
sion. Minor and non-pathological facial asymmetry, also
referred to as normal facial asymmetry, is relatively com-
mon and is defined as a small difference in size between the
left and right hemifaces.13 Camouflage orthodontic
treatment can effectively correct mild to moderate facial
skeletal deviation. For severe facial asymmetry, a combi-
nation of orthodontic treatment and orthognathic surgery
may be required.1,2,4
Conventional cephalograms remain an important tool
and reference for the orthodontic diagnosis of dentofacial
deformity. For evaluation of maxillofacial structures,
posteroanterior (PA) cephalogram is commonly used as an
effective tool to quantify asymmetry.4 Variations in the
dentofacial complex are rarely produced by a single factor.
Receiver operating characteristic (ROC) analysis is an
excellent method for evaluating and comparing the per-
formance of diagnostic tests.5 The ROC method of multi-
variable analysis is far more useful in discriminating the
value of cephalometric measurements.6
The current study employed PA cephalometric analysis
to identify characteristics and differences in skeletal
structure between patients who required surgical treat-
ment and those needing orthodontic treatment only. The
objective of this study was to identify key characteristics
between the two groups using a multivariate statistical
approach with ROC analysis of cephalometric variables.Figure 1 Cephalometric landmarks. Ag Z antegonion
(deepest point on curvature of antegonial notch);
ANS Z anterior nasal spine (tip of anterior nasal spine just
below the nasal cavity and above the hard palate);
Go Z gonion (most lateral point of the gonial angle);
GWSO Z greater wing superior orbit (intersection of superior
border of greater wing of the sphenoid bone and lateral orbital
margin); J Z jugal process (point on the jugal process of the
maxilla at a crossing with the tuberosity of the maxilla);
M Z median (midpoint of right and left greater wing superior
orbit); MaZ mastoidale (lowest point of the mastoid process);
Me Z menton (lowermost point of the contour of the chin);
Mx6 Z maxillary first molar (midpoint of occlusal surface on
the crown of upper first molar); Ra Z ramus (lateral border of
the mandible at the crossing of a transverse line through
mastoidale point); R/L Z right and left; Zy Z zygion (most
lateral aspect of the zygomatic arch).Materials and methods
The study sample included two groups, namely an ortho-
dontic group of 30 individuals (seven men and 23 women)
and a surgical group of 30 patients (18 men and 12 women)
who received orthodontic or surgical treatment based on
the recommendation of dental specialists (three indepen-
dent and experienced orthodontists and one oral-
maxillofacial surgeon). All orthognathic surgical patients
studied were operated on in the Department of Oral and
Maxillofacial Surgery at Kaohsiung Medical University Hos-
pital. Thus, the entire study group comprised 60 patients,
with 30 men and 30 women. The mean age for each group
was 27 years (range: 21e31 years). We excluded patients
with cleft lip and/or palate, congenital craniofacial
anomalies, facial trauma, and history of temporomandib-
ular dysfunction. Some patients were also excluded from
the study because the acceptance or rejection of surgery
was decided by the patient themselves. The study wasapproved by the University Hospital Ethics Committee
(KMUH-IRB-980539).
All patients displayed facial asymmetry. The pretreat-
ment PA cephalometric radiographs of the patients with
Table 1 Cephalometric variables.
Angular variable () Ratio (1)
Mandibular shift angle :Ag-Me-ANS R Zy(ver)-GWSO
:GWSO-GWSO :GWSO-Zy-Me R Ra(ver)-GWSO
:Zy-Zy :GWSO-Ra-Me R J(ver)-GWSO
:Ma-Ma :GWSO-Go-Me R Mx6(ver)-GWSO
:J-J :GWSO-Ag-Me R Go(ver)-GWSO
:OP :Ra-Go-Me R Ag(ver)-GWSO
:Go-Go :Ra-Ag-Me R Mx6(ver)-J
:Ag-Ag R Go(ver)-J
:GWSO-Zy R Ag(ver)-J
:GWSO-Ma R Zy(ver)-M-ANS
:GWSO-Ra R Ma(ver)-M-ANS
:GWSO-OP R Ra(ver)-M-ANS
:GWSO-Go R J(ver)-M-ANS
:GWSO-Ag R Mx6(ver)-M-ANS
:Ra-OP R Go(ver)-M-ANS
:Ra-Go R Ag(ver)-M-ANS
:Ra-Ag R GWSO-Me
:GWSO-Me-ANS R Zy-Me
:Zy-Me-ANS R Go-Me
:Ra-Me-ANS R Ag-Me
:J-Me-ANS R Ra-Go
:Mx6-Me-ANS R Ra-Ag
*Angles take the absolute value.
R Z ratio; ver Z vertical.
Treatment of adult facial asymmetry 237facial asymmetry were analyzed. On the PA cephalograms,
we digitized 11 landmarks (Fig. 1). The calculations of 51
cephalometric measurements, including 29 angular and 22
ratio variables, were performed by a computerized ceph-
alometric system, WinCeph (version 8.0; Rise Corp., Sen-
dai, Japan) (Table 1). For both groups, the means and
standard deviations were calculated for each variableTable 2 Cephalometric variables between facial asymmetric pa
Variable Non-surgical Surg
Mean  SD Mean
Mandibular shift angle 3.25  1.15 5.99 
R Ra(ver)-M-ANS 1.05  0.06 1.09 
R J(ver)-M-ANS 1.03  0.05 1.06 
R Mx6(ver)-M-ANS 1.09  0.08 1.20 
R Go(ver)-M-ANS 1.07  0.08 1.15 
R Ag(ver)-M-ANS 1.08  0.08 1.18 
:GWSO-Ag 2.25  1.96 3.59 
:GWSO-Me-ANS 3.60  1.25 6.20 
:Zy-Me-ANS 3.40  1.52 6.49 
:Ra-Me-ANS 2.82  1.70 6.06 
:J-Me-ANS 1.78  0.78 2.91 
:Ag-Me-ANS 3.27  2.12 6.24 
R GWSO-Me 1.00  0.00 1.02 
R Zy-Me 1.03  0.04 1.06 
R Go-Me 1.08  0.07 1.12 
R Ag-Me 1.08  0.07 1.14 
*Angles take the absolute value.
R Z ratio; ver Z vertical; SD Z standard deviation.(Table 2). The two-sample t test was used to analyze the
differences between the groups, with a P value of <0.05
being considered statistically significant.
To ensure intra-observer reliability,7 the measurements
for each patient were taken in random order on two oc-
casions separated by 2 weeks. The repeated measurements
were analyzed for both angular and linear ratio variables.8
Receiver operating characteristic analysis
The ROC curve was used to determine the set of cephalo-
metric variables that could provide the best discrimination
between patients requiring orthognathic surgery versus
orthodontic therapy. The area represents the sensitivity
and specificity for a particular cutoff point, and was used to
plot the ROC curve. The x-axis represents 1 e specificity or
the false positive rate, whereas the y-axis represents the
sensitivity or true-positive rate. The area under the ROC
curve (AUC) represents a reasonable summary of the overall
diagnostic accuracy of the continuous variables. In general,
for two variables, the variable with the higher AUC is
considered a better indicator for the surgery group. The
best cutoff point on each ROC curve was identified, so that
recommendations for orthognathic surgery would be pro-
vided with optimal combined sensitivity and specificity. All
statistical analyses were performed using SAS software
(version 9, SAS Institute Inc., Cary, NC, USA).
Results
To assess errors involved in cephalometric digitizing, 20
randomly-selected PA cephalograms were digitized. The
same cephalograms were re-digitized by one investigator
under the same conditions 2 weeks later. Correlations be-
tween the two measurements were then analyzed for both
angular and linear ratio variables.7 Method error (ME) wastients with surgical and non-surgical treatment.
ical Mean difference t test P value
 SD
3.31 2.73 0.0001
0.08 0.04 0.0488
0.06 0.03 0.0251
0.18 0.11 0.0033
0.12 0.08 0.0027
0.16 0.10 0.0031
2.64 1.34 0.0297
3.52 2.59 0.0005
3.65 3.09 0.0001
4.29 3.24 0.0004
1.78 1.13 0.0029
5.06 2.97 0.0051
0.04 0.02 0.0060
0.07 0.03 0.0404
0.09 0.04 0.0459
0.13 0.06 0.0213
Table 3 Area under the curves of 16 significant differ-
ences from Table 2.
Variable Area under
the curve
Cutoff
point
Score
1 0
Mandibular
shift angle
0.80278 4.10 4.10 <4.10
:Ra-Me-ANS 0.77056 3.40 3.40 <3.40
:Zy-Me-ANS 0.76944 5.30 5.30 <5.30
:GWSO-Me-ANS 0.74222 4.90 4.90 <4.90
:J-Me-ANS 0.71889 2.10 2.10 <2.10
R Go(ver)-M-ANS 0.71778 1.11 1.11 <1.11
R Mx6(ver)-M-ANS 0.70722 1.20 1.20 <1.20
R Ag(ver)-M-ANS 0.69778 1.10 1.10 <1.10
:Ag-Me-ANS 0.67556 4.90 4.90 <4.90
R Ag-Me 0.66333 1.11 1.11 <1.11
R Ra(ver)-M-ANS 0.65278 1.11 1.11 <1.11
R Go-Me 0.65167 1.11 1.11 <1.11
R J(ver)-M-ANS 0.64778 1.10 1.10 <1.10
:GWSO-Ag 0.64333 1.20 1.20 <1.20
R Zy-Me 0.63556 1.11 1.11 <1.11
R GWSO-Me 0.61667 1.10 1.10 <1.10
R Z ratio; ver Z vertical.
238 Y.-C. Tseng et alcalculated using the Dahlberg formula ME Z OSd2/2n;
where d is the difference between two measurements in a
pair; and n is the number of pairs.8 MEs were 0.26e0.60 for
angular variables and 0.14e0.30% for ratio variables. The
reliability coefficients had been previously assessed and
ranged from 0.973 to 0.990, indicating a high level of
reliability.9
Of the 51 cephalometric variables, 16 variables showed
significant differences between the surgical andTable 4 Receiver operating characteristic analysis of predicti
surements (cumulative scores).
Number of cumulated
top-ranked cephalometric
measurements
Measurement
2 Mandibular shift angle
3 Above measurements
4 Above measurements
5 Above measurements
6 Above measurements
7 Above measurements
8 Above measurements
9 Above measurements
10 Above measurements
11 Above measurements
12 Above measurements
13 Above measurements
14 Above measurements
15 Above measurements
16 Above measurements
R Z ratio; ver Z vertical.orthodontic groups: mandibular shift angle, :Ra-Me-ANS,
:Zy-Me-ANS, :GWSO-Me-ANS, :J-Me-ANS, R Go(ver)-M-
ANS, R Mx6(ver)-M-ANS, R Ag(ver)-M-ANS, :Ag-Me-ANS, R
Ag-Me, R Ra(ver)-M-ANS, R Go-Me, R J(ver)-M-ANS,:GWSO-
Ag, R Zy-Me, and R GWSO-Me (all P <0.05). Descriptive
statistics for the 16 cephalometric variables are presented
in Table 2. The other 35 variables showed nonsignificant
differences between the two groups and are not shown.
We then computed the AUCs based on these 16 vari-
ables, and the results are shown in Table 3. The best cutoff
point on the ROC curve was identified as the best combi-
nation of sensitivity and specificity. The 16 cephalometric
variables were then dichotomized into two sections based
on the cutoff points. In accordance with the clinical
criteria, the section requiring surgery was given a score of 1
and the other was given a score of 0.
The next step was to determine the optimal number of
dichotomized variables for inclusion in the final scoring
system. The 16 dichotomized variables were added in turn,
starting with the variable with the highest AUC value and
ending with the lowest. Table 4 shows the score systems
with two variables through 16 with their corresponding AUC
values. Higher AUCs indicate greater diagnostic accuracy.
After the first six dichotomized variables had been added,
further additions did not greatly increase the AUCs. Hence,
a score system based on six dichotomized variables was
established. The relevant variables were as follows:
mandibular shift angle, :Ra-Me-ANS, :Zy-Me-ANS,
:GWSO-Me-ANS, :J-Me-ANS, and R Go(ver)-M-ANS
(Fig. 2). Together they provided an acceptable AUC
(0.811) and a feasible number (six) of variables for the
score system (Fig. 3).
Table 5 shows the sensitivity and specificity of scores
0e6. A score of 4 or 5 appeared to be the cutoff point for
the maximal combined values for sensitivity and specificity.
This cutoff indicated the best combination of sensitivityon results in the cumulated top-ranked cephalometric mea-
Area under the curve
and :Ra-Me-ANS 0.795
plus :Zy-Me-ANS 0.793
plus :GWSO-Me-ANS 0.784
plus :J-Me-ANS 0.810
plus R Go(ver)-M-ANS 0.811
plus R Mx6(ver)-M-ANS 0.803
plus R Ag(ver)-M-ANS 0.808
plus :Ag-Me-ANS 0.807
plus R Ag-Me 0.821
plus R Ra(ver)-M-ANS 0.821
plus R Go-Me 0.823
plus R J(ver)-M-ANS 0.821
plus :GWSO-Ag 0.834
plus R Zy-Me 0.837
plus R GWSO-Me 0.837
Figure 2 Six cephalometric variables were the minimum
number of discriminators. Mandibular shift angle Z the angle
formed by the mid-sagittal reference line (median-ANS) and
the ANSeMe line;:Ra-Me-ANSZ the difference between right
and left angle formed by the line connecting the Ra (ramus)
point and the ANS-Me line; :Zy-Me-ANS Z the difference
between right and left angle formed by the line connecting the
Zy (zygion) point and the ANSeMe line;:GWSO-Me-ANSZ the
difference between right and left angle formed by the line
connecting the GWSO (greater wing superior orbit) point and
the ANSeMe line; :J-Me-ANS Z the difference between right
and left angle formed by the line connecting the J (jugal pro-
cess) point and the ANSeMe line; R Go(ver)-M-ANS Z the ratio
of right and left distance of the Go (gonion) point to the mid-
sagittal reference line (median-ANS).
Figure 3 Distribution of the number of cumulated top-
ranked cephalometric measurements and area under the
curve of the receiver operating characteristic analysis.
Treatment of adult facial asymmetry 239(57% or 60%) and specificity (93% or 90%) in assessing the
need for surgical treatment.
The scores of the six selected variables were computed
for all patients. Table 6 lists these scores. Six patients ob-
tained values of 1, with 83.3% (nZ 5) of these scores being
assigned to :J-Me-ANS and R Go(ver)-M-ANS. Most (95%;
n Z 19) patients with asymmetric :Zy-Me-ANS obtained
total scores of 5 or 6, implying that patients with a:Zy-Me-
ANS problem also scored on other variables. The :Zy-Me-
ANS variable appeared to be the smallest component
among the six selected variables. Patients with scores of 6
had invariably scored on all six variables.
One patient (S.F.C.) in the nonsurgical group had Class III
malocclusion and orthodontic therapy was sufficient to
correct the facial asymmetry (Fig. 4). She obtained a scoreof 2 prior to treatment and also obtained a score of 2 after
treatment (Table 7). Another patient (C.W.H.) with Class III
malocclusion in the surgical group required orthognathic
surgery combined with orthodontic treatment to correct
the facial asymmetry (Fig. 5). He obtained a score of 6 prior
to treatment and obtained a score of 0 after treatment
(Table 7).
Discussion
Although computed tomography can provide three-
dimensional information, landmark identification and
comparison of serial images in a three-dimensional envi-
ronment may not be a simple task.10 In this study, PA
cephalography was employed because it is the routine ex-
amination in the treatment planning and follow-up for or-
thodontic and orthognathic patients. Previous PA
cephalometric studies have indicated sex differences in
dentofacial width dimensions in normal occlusion and
various types of malocclusion. Measurements in men were
significantly greater than in women. No statistically signif-
icant sex difference, however, was found in dentofacial
patterns within the same ethnic group.11,12
The present study analyzed linear proportional variables
and angular variables. The larger value of the linear mea-
surements in ratio variables was placed in the numerator
rather than the denominator. The angular measurements
were obtained by subtracting the smaller values from the
larger ones. These methods of calculation avoided the ef-
fect of directional differences due to left- or right-sided
asymmetry.
Facial asymmetry exists in patients with chin deviation.
This should be considered when planning treatment for
both the nonsurgical and surgical orthodontic cases with
chin deviation.13 Severt and Proffit14 reported that 34% of
orthodontic patients had facial asymmetry, with 74% of that
group displaying chin deviation. The present study exam-
ined the differences in facial asymmetry between patients
who required surgical treatment and those needing ortho-
dontic treatment only. Our results indicated that chin de-
viation was more marked in the surgical group than in the
Table 5 Identification of the cutoff point.
Number of
dichotomized
measurements
Probability of
the need for
surgical
treatment
Sensitivity Specificity Sensitivity
þ specificity
True
positive
True
negative
False
positive
False
negative
6 0.8859 0.4000 0.9667 1.3667 12 29 1 18
5 0.8099 0.5667 0.9333 1.5000 17 28 2 13
4 0.7003 0.6000 0.9000 1.5000 18 27 3 12
3 0.5617 0.6333 0.7667 1.4000 19 23 7 11
2 0.4127 0.8333 0.5667 1.4000 25 17 13 5
1 0.2782 0.9333 0.4667 1.4000 28 14 16 2
0 0.1745 1.0000 0.0000 1.0000 30 0 30 0
240 Y.-C. Tseng et alnonsurgical group. Among the 16 variables that differed
significantly between the two groups, angular and linear
ratio deviations were mostly concentrated in the chin area.
Severe facial asymmetry was mostly caused by chin
deviation.
Asymmetry can be assessed through superimposition of
right and left sides, direct horizontal and vertical mea-
surements, or ratio measurements of right and left sides.
Moyers15 evaluated mandibular asymmetry by superimpo-
sition of right and left sides after rotating one side over the
other around a vertical axis through crista galli. Schmid
et al16 devized two systems of superimposition of the
opposite sides: the first system includes mandibular (be-
tween menton, gonion or antegonion, and articulare point),
upper cranial, and craniomandibular areas; the second is
restricted to the mandibular area only. The degree of
symmetry demonstrated with the first superimposition
could be the result of mandibular displacement with or
without structural asymmetry, whereas that observed with
the second registration would result in structural asym-
metry. According to Schmid et al,16 70% of patients with
facial asymmetry presented with structural and displace-
ment asymmetry, whereas only 10% showed pure displace-
ment asymmetry. Joondeph17 called the latter type
functional asymmetry.
In this retrospective study, the analysis of asymmetry
includes the upper cranial, cranio-maxillary, and cranio-
mandibular areas. The analysis is not restricted to the
mandibular area. The analysis of asymmetry does not
discriminate between functional and structural asymmetry;Table 6 Relationship of scores with variables.
Score Total number of
participants
Ra-Me-ANS J-Me-ANS R Go(ve
Total 60 34 33 28
1 6 0 (0.00) 3 (9.10) 2 (7.10
2 12 9 (26.50) 6 (18.20) 7 (25.0
3 5 4 (11.80) 5 (15.20) 4 (14.3
4 2 2 (5.90) 1 (3.00) 1 (3.60
5 6 6 (17.60) 5 (15.20) 1 (3.60
6 13 13 (38.20) 13 (39.40) 13 (46.4
Data are presented as n (%).
Mand. Z mandibular; ver Z vertical.therefore, the facial asymmetry presented structural and
displacement asymmetry.
Orthodontic diagnosis and treatment addresses ante-
roposterior, horizontal, and vertical problems. For patients
with maxillofacial deformity, facial asymmetry is a common
chief complaint, although patients might have other
sagittal or vertical jaw discrepancies concomitantly.4 The
present study investigated the facial asymmetry of both
orthognathic and orthodontic patients. Clinically, patients
with a chief complaint of facial asymmetry are concomi-
tantly treated for associated anteroposterior, horizontal,
and vertical problems. In an assessment of chin deviation,
Kim et al18 suggested that chin deviation may develop from
lateral differences (right vs. left) in several maxillofacial
structures, including ramus inclination and maxillary height
as well as ramus and mandibular body length. Kim et al
indicated that, based on the same degree of chin deviation
in mandibular prognathism and retrusion, chin deviation is
expressed easily in mandibular prognathism. By contrast,
chin deviation displays significant righteleft differences in
relevant maxillofacial structures only in individuals with
mandibular retrusion.
Hwang et al19 classified 100 orthodontic patients with
facial asymmetry using the cluster analysis. The study
found that patients with facial asymmetry could be classi-
fied into five groups based on three variables: chin (Me)
deviation, apical base midline discrepancy, and vertical
difference of antegonion (Ag) between the right and left
sides. Therefore, the Me and Ag points are important
landmarks for the identification and classification of facialr)-M-ANS Mand. shift angle GWSO-Me-ANS Zy-Me-ANS
24 22 20
) 1 (4.20) 0 (0.00) 0 (0.00)
0) 1 (4.20) 1 (4.50) 0 (0.00)
0) 1 (4.20) 1 (4.50) 0 (0.00)
) 2 (8.30) 1 (4.50) 1 (5.00)
) 6 (25.00) 6 (27.30) 6 (30.00)
0) 13 (54.20) 13 (59.10) 13 (65.00)
Figure 4 Facial asymmetry patient (S.F.C.) in the non-surgery group. (A) Frontal and (B) lateral photographs, prior to treatment.
(C) Frontal cephalogram and (D) cephalometric tracing, prior to treatment. (E) Frontal and (F) lateral photographs, after treat-
ment. (G) Frontal cephalogram and (H) cephalometric tracing, after treatment.
Treatment of adult facial asymmetry 241asymmetry. In the present study, the angular or linear
proportional measurements found to differ significantly
between the two patient groups were mostly related to Me
and Ag points. They included the mandibular shift angle,
:Ra-Me-ANS, :Zy-Me-ANS, :GWSO-Me-ANS, :J-Me-ANS,
R Ag(ver)-M-ANS,:Ag-Me-ANS, R Ag-Me,:GWSO-Ag, R Zy-
Me, and R GWSO-Me (11 of 16 variables). Only five other
measurements, not related to Me or Ag points, showed
significant differences between the groups. Patients
receiving surgical treatment displayed a mandibular shift
angle of approximately 6 on average, which was close to
the most severe extreme in chin deviation (angles of
3.5e6.5). Patients receiving orthodontic treatment dis-
played a mandibular shift angle of 3.25 on average, which
was slightly greater than moderate chin deviation (angles of
1e3).Table 7 Cephalometric variables and scores of a patient (S.F.C.
surgery group.
Variable Score Patient (S.F.C.) in non-su
Pre-treatment Pos
1 0 Measurement Score Measu
Mandibular
shift angle
4.10 <4.10 5.5 1 5.5
:Ra-Me-ANS 3.40 <3.40 2.5 0 0
:Zy-Me-ANS 5.30 <5.30 4.5 0 3.5
:GWSO-Me-ANS 4.90 <4.90 5.5 1 5.0
:J-Me-ANS 2.10 <2.10 1.5 0 1.5
R Go(ver)-M-ANS 1.11 <1.11 1.06 0 1.07
R Z ratio; ver Z vertical.In the study by Hwang et al,19 the mid-sagittal reference
plane was constructed by connecting the crista galli and
anterior nasal spine (ANS), and the mandibular reference
plane by connecting the crista galli and menton (Me). In the
present study, the mid-sagittal reference plane was con-
structed by connecting the midpoint (M) of the bilateral
intersection between sphenoid and orbital bone and the
ANS, avoiding deviations of the crista galli. The mandibular
reference plane was constructed by connecting the ANS and
Me. Thus the reference planes for chin deviation differed
between our study and that of Hwang et al. Although the
mid-sagittal reference planes did not differ much between
the two studies, the radius of the central angle was longer
in the Hwang et al study than in our own. Consequently, the
corresponding central angle was larger in our study.
Furthermore, Hwang et al found that for patients with) in the non-surgery group and another patient (C.W.H.) in the
rgery group Patient (C.W.H.) in surgery group
t-treatment Pre-treatment Post-treatment
rement Score Measurement Score Measurement Score
1 8.0 1 3.0 0
0 13.5 1 2.0 0
0 13.5 1 2.0 0
1 7.5 1 2.0 0
0 3.0 1 0 0
0 1.28 1 1.04 0
Figure 5 Facial asymmetry patient (C.W.H.) in the surgery group. (A) Frontal and (B) lateral photographs, prior to treatment. (C)
Frontal cephalogram and (D) cephalometric tracing, prior to treatment. (E) Frontal and (F) lateral photographs, after treatment.
(G) Frontal cephalogram and (H) cephalometric tracing, after treatment.
242 Y.-C. Tseng et alsevere chin deviation, the greatest discrepancy in length
was found in the vertical mid-sagittal reference line of the
Ag point. This finding was similar to that of the current
study. We found that the R Ag(ver)-M-ANS measurement
was significantly larger in patients receiving surgical
treatment compared with the orthodontic patients.
Several methods can be used to identify the important
cephalometric measurements for a clinical decision on sur-
gery. The major advantages of the ROC curve in determining
cephalometric measurements include the following: (1) it is
insensitive to the changes of measurement distribution,
because the calculation was based on ranks; (2) although in
our study we used the equal classification error costs (the
cost of a false positive is equal to the cost of a false negative),
ultimately one can specify unequal classification error costs
when identifying cutoff points; and (3) it is a relatively easy
scoring system, because the score applies only to the
dichotomized measurements according to the cutoff points,
and it sums the number of items in the surgical regions.
The same research methods with cephalometric radio-
graphs with ROC analysis seem suitable, but the most
important variables could differ relative to the ethnic
population concerned.20,21 Although the discriminant
analysis was also a common strategy for selecting important
measurements, measurements with skewed distributions
can result in optimistically-biased estimates and, hence,
have less sensitivity.22,23
The ROC curve analysis is a relatively new statistical
method that is widely applied in measuring the discrimi-
natory ability of diagnostic tests.5,6 It has substantial value
for evaluating the diagnostic qualities of cephalometric
variables.9 As already described, we selected six
statistically-validated variables as the minimum number ofdiscriminators required to obtain the optimum discriminant
effectiveness. Hence, if a facially asymmetric patient
scores positively for those six conditions, surgery would be
recommended. The six discriminant variables were as fol-
lows: mandibular shift angle 4.10; :Ra-Me-ANS 3.40;
:Zy-Me-ANS 5.30; :GWSO-Me-ANS 4.90; :J-Me-ANS
2.10; and R Go(ver)-M-ANS 1.11. Using the scoring
system based on these six dichotomized measurements,
higher scores indicate a greater need for surgery. The
suggested diagnostic cutoff point of 4 yielded the best
combination of sensitivity (60%) and specificity (90%).
Among patients with orthognathic surgery, 60% could be
identified by the cutoff point. Among patients without
surgery, 90% could be confirmed by the cutoff point. Of the
patients who received surgical treatment, 60% obtained
scores of 4, and 90% of patients who did not have surgical
treatment obtained scores of 3.
Haraguchi et al24,25 indicated that most skeletal Class III
patients with facial asymmetry had the chin deviated to the
left side, and as a result the right side of the face was larger
than the left side. Despite a consistent tendency for right-
sided dominance among the general population, during
pubertal growth the proportion of individuals with a wider
right hemiface decreases and the proportion of those with
wider left hemiface increases. Prior research has suggested
that the left hemiface is particularly expressive of emo-
tions.26,27 Thus a functional hemifacial asymmetry in
emotional expression may have some relation with the
dimensional balance between left and right hemifaces.25
Given the limits of the present study, we analyzed only
skeletal morphology; further studies are needed to analyze
related soft tissue structures, and to improve the diagnostic
value of the multivariate model of ROC analysis.
Treatment of adult facial asymmetry 243In conclusion, not all adult patients with facial asym-
metry are candidates for surgical correction. Patient
assessment and selection are the main issues in diagnosis
and treatment planning. This study investigated the key
characters for distinguishing between adult patients
requiring orthognathic surgical versus nonsurgical ortho-
dontic treatment by using ROC analysis of cephalometric
variables. This study identified six cephalometric variables
as the minimum number of discriminators required to
obtain the optimal discriminant effectiveness of diagnosis
between orthognathic surgical and nonsurgical orthodontic
treatment of facial asymmetry. The ROC analysis is an
empirical method for computing the optimal cutoff point
for decision. Although we have selected a group of patients
from our regular clinical practice, the decision of cutoff
point may not be heavily affected by sample sizes; future
study on larger sample sizes may be conducted to confirm
this. In future work, the same research methods could be
applied to another sample of facial asymmetry to confirm
the reliability of the model in discriminating between the
two groups of surgical and orthodontic treatment.
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